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Abstract 
In the present research, the performance of three sample injection devices in a portable capillary electrophoresis (CE) instrument 
was examined. These were the so-called cross-sampler, horizontal injection channel and vertical injection channel. All the three 
showed a good reproducibility of migration times (the relative standard deviation (RSD) was 4.3% in the case of the cross-
sampler, 6.0% in the case of the horizontal injection channel  and 1.7% in the case of the vertical channel). However, the 
reproducibility of peak areas was not sufficient. Hence, this study was mainly focused on qualitative analysis. The cross-sampler 
injection device was used in the portable CE instrument to analyse the composition of degradation products of chemical warfare 
agents (CWA). For the analysis of CWA degradation products simple procedures for the extraction of phosphonic acids from 
different surfaces, such as soil, concrete and granite blocks, tile floor, were developed.  
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1. Introduction 
The development and miniaturization of portable instrumentation is becoming more and more important in 
analytical chemistry research. In field analysis its total time or cost may greatly benefit from the use of portable 
instruments. This way it is possible to skip sample storage and transportation from the sampling site to the lab and 
obtain results for fast decisions. Portable instruments find mostly use in environmental applications, forensic and 
clinical analyses as well as detection of chemical warfare agents (CWA). At present the portable instruments are 
usually made only for some specific task. The detection techniques employed are often based on electrochemical 
sensors [1], photometry [2] and voltammetry [3,4]. The portable instruments based on separation methods enable a 
wider range of analyses to be carried out. Nowadays there exist portable versions of almost all separation methods, 
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 like gas chromatography (GC) [5,6], high-performance liquid chromatography (HPLC) [7], ion chromatography 
(IC) [8] or capillary electrophoresis (CE) [9-15]. 
In terms of a potential use in portable instruments CE has one main advantage over the other separation methods. 
CE does not require high pressure pumps for operating as liquid chromatography does. Separation is done by high 
voltage (HV). The simplicity of generating HV in portable devices is beyond comparison while the pressure needed 
for chromatographic techniques can only be achieved using complicated mechanical high-pressure pumps.  
Today most portative CE instruments are based on contactless conductivity detection (CCD) [16-18]. CCD has 
sufficient sensitivity and can easily be coupled to portative instruments as its power consumption is very low. Also, 
because of its very simple detection cell construction, CCD is much more convenient than the other electrochemical 
detection techniques like amperometry, potentiometry and conductometry This is especially important in the case of 
CE considering the small dimensions of the separation capillary. The CCD detectors are basically constructed of two 
axially placed tubular electrodes which encompass the separation capillary. This means that the signal of CCD is 
gathered longitudinally along the capillary, instead of a transversal mode of conventional absorbance detection 
schemes. One of the two electrodes is excited with AC signal and the other electrode is used to register the same 
signal after passing through the cell. 
So far portable CE instruments have mostly been used in  traditional electrokinetic or hydrodynamic injection 
techniques that involve a lot of repeated operations with a background electrolyte (BGE) and sample vials. In 
commercial bench-top instruments these operations are automated by an auto-sampler, but in portable field 
instruments they must be carried out manually. In portable instruments the use of sampling techniques with as low a 
number of manual operations as possible should be considered. Therefore, the development of new sample injection 
approaches is highly welcome. The present contribution tests several different types of injection devices that could 
be operated using conventional plastic syringes. 
2. Materials and methods 
2.1. Chemicals 
For the analysis of the degradation products of chemical warfare agents the following phosphonic acids were 
used: methylphosphonic acid (MPA), ethylphosphonic acid (EPA), 1-butylphosphonic acid (1-BPA), 
propylphosphonic acid (PPA), and pinacolyl metylphosphonic acid (PMPA). MPA, EPA and 1-BPA were purchased 
from Alfa Aesar, Lancaster Synthesis (Windham, NH, USA) and PPA and PMPA from Sigma-Aldrich (Steinheim, 
Germany). L-Histidine (His) and 2-(N-morpholino)ethanesulfonic acid hydrate (MES hydrate) were also purchased 
from Sigma-Aldrich. Sodium hydroxide was purchased from Chemapol (Prague, Czech Republic).  
Stock solutions were prepared by dissolving an exact amount of each phosphonic acid in MilliQ water to a 
concentration of 10 mM. This was followed by a further mixing of all five analytes into a standard solution of 
different concentrations.  
BGE was prepared by dissolving an exact amount of His and MES in MilliQ water.  
2.2.  Instrumentation 
The in-house made portable CE instrument was equipped with a CCD detector and various injection devices. The 
dimensions of the instrument were 330×180×130 mm. The system ran on 10 common AA-type rechargeable 
batteries with an overall ouput of 15 V.  Its operating time running on batteries was up to 4 hours. The system high-
voltage output was up to 25 kV. The cell of the CCD detector was made of a rectangular piece of aluminium. There 
were milled three holes for two tubular electrodes and an operational amplifier. 8 mm electodes made of syringe 
needles were placed in separate chambers with a gap of 0.8 mm between them. One of the electodes was excited 
with a peak-to-peak sine wave at 60 V which can oscillate in a frequency range of 50-300 kHz. The second 
electrode picked up and amplified the signal after it had passed the capillary walls and the liquid in the capillary. 
The detection process was controlled by a computer with in-house written software. In the present work, all 
expreriments were carried out at a detector oscillation frequency of 200 kHz.  
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The use in the portable CE system of three different injection devices was examined. The aim was to replace 
plastic vials commonly used in CE with a more convenient system and to minimize the number of manual 
operations in the injection procedure. For this purpose the cross-sampler, so-called horizontal channel and vertical 
channel were tested. The construction of the cross-sampler (Fig. 1a) was similar to that of the devices used in the 
microchip electrophoresis. It consisted of two perpendicular channels, one was for injection and the other, for 
separation. At the crossing point of both channels the ends of two capillaries were inserted. The analytes were 
separated in the longer capillary (a total length 44 cm, an effective length 36 cm), the shorter capillary (6 cm) was 
connected to the vial containing BGE. A small amount of the sample was introduced into the cross-sampler and then 
the voltage was applied to carry out the experiment. A detailed description of the cross-sampler and the whole 
portable CE equipment used in this work has been presented by Seiman et al. [15]. The amount of the sample 
introduced into the cross-sampler was 0.02 ml. 
The second injection device was the horizontral channel (Fig. 1b) made of the polymethylmethacrylate (PMMA) 
block with dimensions of 10×25×25 mm. The length of the injection channel was 10 mm. The channel served as an 
inlet vial. The inlet end of the separation capillary was connected with the injection channel, while the electrode was 
placed on the opposite side. For the analysis 0.1 ml of the sample solution was introduced with the syringe into the 
injection channel. After the sample injection the inlet channel was filled with 0.25 ml of BGE. Capillary 
electrophoresis injection device with this type of construction was reported first by Kuban et al. [19]. It was used for 
flow injection analysis combined with CE. Injection device was operated by two peristaltic pumps. In our case 
simplier approach is used and injections are made manually using plastic syringes. 
The operation of the vertical channel device with the dimensions of 25×25×47 mm (the length of the injection 
channel 33 mm) was based on  the same principle as that of the horizontal channel (Fig. 1c). The difference between 
the two injection devices was in sample inlet channel direction. In both injection devices the separation capillaries 
with a total length of 55 cm and effective length of 45 cm were used. For the injection 0.25 ml of the sample 
solution was injected into the sample inlet channel which was later filled with 0.5 ml of BGE. 
The fused silica capillary (i.d. 75 µm and o.d. 360 µm) was purchased from Agilent Technologies (Santa Clara, 
CA, US). In all experiments the BGE used was a 15 mM MES/His solution, the separation voltage was 16 kV. 
Fig. 1. The construction  of various injection devices for a portable CE instrument: (a) cross-sampler; (b) horizontal injection channel; 
(c) vertical injection channel. 1 – sample injection socket for syringe, 2 – separation capillary, 3 – waste channel, 4 – grounding 
electrode. 
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 2.3. Extraction procedure for CWA degradation products 
To analyse CWA degradation products a simple procedure for their extraction from different surfaces was 
developed. First, for sample preparation 5 ml of the stock solution of five  phosphonic acids with a concentration of 
2 mM was sprayed on a small ground area and exposed for approximately 1.5 h. 2 g of sample was taken from the 
upper layer of soil and placed into 50 ml plastic vials. For the extraction 10 ml of MilliQ water was added to the soil 
sample. The sample was sonicated for 30 minutes, and filtered through a medium fast paper filter (Whatman, 
Maidstone, UK) and 0.45 µm Millipore filter (Sarstetd, Germany). 
For the extraction of CWA degradation products from varoius surfaces (granite blocks, concrete blocks, asphalt, 
tile floor, etc) 5 ml of a 2 mM 5 phosphonic acid solution was sprayed. After complete drying the surface was wiped 
with a filter paper (medium fast paper filter, Aldrich, USA) moistened in 2 ml of MilliQ water. The filter was then 
introduced into a 50 ml vial and 8 ml MilliQ water was added. The sample was sonicated for 30 minutes and after 
that filtered through a 0.45 µm Millipore filter. 
3. Results and Discussion 
3.1. Repeatability of the injection devices tested 
The convenience of the sample injection procedure is crucial in portable CE instruments. Replacing plastic vials 
with sample and BGE in the field may be unhandy. The injection devices requiring no operations with sample and 
BGE vials should be preferred. 
As a detailed description of the work dedicated to the cross-sampler has been presented in [15], this study 
compared advantages and disadvantages of the sampler over the other injection devices. Sample injection in all three 
samplers is performed by pushing a certain amount of the sample into the channel with a syringe. In horizontal and 
vertical channels the sample is then washed out with a certain amount of BGE. Theoretically, the injected volume 
should be dependent only on the sample volume introduced into the channel and configuration of the injection 
device. However, as all these manipulations are made by hand, it is difficult to control the pushing force and make 
always reproducible injections. By pushing harder, more sample is introduced into the capillary. In the case of 
horizontal and vertical channels, the pushing force also plays a certain role when washing with BGE as then the 
sample zone is pushed further into the separation capillary. By pushing the syringe with BGE too hard or using too 
much liquid for washing, it is possible to push the sample so far into the separation capillary that it will affect 
migration times. 
The performance of the samplers was estimated on a standard mixture of five phosphonic acids with a 
concentration of 100 µM. The results are given in Table 1.  
 
Table 1. The migration time reproducibility for five phosphonic acids 
 Injection device Relative standard deviation (RSD, %) 
Cross-sampler 4.3* 
Horizontal injection channel 6.0* 
Vertical injection channel 1.7** 
*at least three-day reproducibility 
** one-day reproducibility 
 
The vertical sampler had a better reproducibility of migration times than the other two injection devices. Though, 
the RSD data for the vertical channel was calculated only during one day, as it was found to suit less for routine 
analysis than the horizontal channel. At the same time, the cross-sampler was found to be more convenient to be 
used in the portable CE instrument as it required a minimum number of operations and so was used for the analysis 
of CWA degradation products in the portable CE instrument. 
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3.2. Analysis of the phosphonic acids extracted from 
different surfaces 
As the reproducibility of peak areas was not 
sufficient for all the injection devices investigated, 
we focused only on the qualitative analysis of CWA 
samples. A simple and fast procedure for the 
exraction of CWA degradation products from 
different surfaces was worked out. A 2 mM 
phosphonic acid mixture was sprayed on the ground 
(and other surfaces, like asphalt or concrete blocks) 
outside, but CE experiments with the portable CE 
instrument were carried out in the laboratory, not 
on-site. These were preliminary experiments for the 
newly-built portable instrument which was first 
tested in laboratory conditions. 
Soil extracts were prepared as described in 
section 2.3. The extraction experiments were carried 
out using soil samples collected from different 
places. In all cases it was possible to extract all five 
phosphonic acids (Fig. 2). During the extraction, some components of the soil were also extracted, but their peaks 
did not overlap with those of phosphonic acids. Thus, the procedure for extraction of CWA degradation products 
from soil might be suitable for the qualitative analysis. During this stage of the study the recovery of phosphonic 
acid standards was not measured.  
A universal procedure of extraction of CWA degradation components from different hard surfaces such as 
granite, concrete blocks and tile floor was also successfully worked out. The results are presented in Figs. 3 and 4. 
Using this procedure all five phosphonic acids were extracted from the surfaces investigated. Some unknown 
compounds were also extracted and separated from phosphonic acids peaks. Again, their peaks  did not overlap with 
those of phoshonic acids.  
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Fig. 2. The electropherograms of soil extracts (sample injected with 
the cross-sampler). The BGE solution is 15 mM MES/His. Separation 
voltage: 16 kV. A – blank sample, pure soil exctract without any 
standards, B – phosphonic acids extracted from soil. 1 – PMPA, 2 – 
1-BPA, 3 – PPA, 4 – EPA, 5 – MPA, EOF – electroosmotic flow. 
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Figure 3. The electropherograms of extracts from concrete 
blocks (sample injected with  the cross-sampler). The BGE 
solution is 15 mM MES/His. Separation voltage: 16 kV. A – 
phosphonic acids extracted from concrete blocks. 1 – PMPA, 
2 – 1-BPA, 3 – PPA, 4 – EPA, 5 – MPA, EOF – 
electroosmotic flow; B – blank sample, pure exctract from 
concrete blocks without any standards. 
Figure 4. The electropherograms of extracts from tile floor (sample 
injected with the cross-sampler). The BGE solution is 15 mM 
MES/His. Separation voltage: 16 kV. A – phosphonic acids extracted 
from soil. 1 – PMPA, 2 – 1-BPA, 3 – PPA, 4 – EPA, 5 – MPA, EOF – 
electroosmotic flow; B – blank sample, pure exctract from tile floor 
without any standards. 
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 4.  Conclusions 
The present study demonstrated that all three injection devices investigated were suitable for the qualitative 
analysis of compounds using a portable CE instrument. However, as the cross-sampler required fewer manual 
operations, it was more convenient to be used in field experiments. In laboratory analysis horizontal and vertical 
injection channels might also be used as an alternative to plastic vials. Unfortunately, it was not possible to obtain 
good reproducibility for peak areas with these injection devices and only qualitative analysis was done in the present 
study. To achieve better peak area reproducibility, further improvements and investigations are needed.  
The developed procedures were suitable for the extraction of all five phosphonic acids from soil and various hard 
surfaces. Though, during the extraction several unknown components were revealed. Their peaks did not overlap 
with those of phosphonic acids. So, it would be possible to identify CWA degradation products from different 
surfaces using a simple water extraction procedure. 
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